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surveillance and Diagnosis of 
Hepatocellular Carcinoma
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Hepatocellular carcinoma (HCC) surveillance has been 
shown to improve early tumor detection, curative treat-
ment receipt, and overall survival.(1) Therefore, several pro-
fessional societies, including the American Association for 
the Study of Liver Diseases (AASLD), recommend HCC sur-
veillance every 6 months in at-risk patients, including those 
with cirrhosis.(2) (Table 1) Although there have been increas-
ing reports of HCC developing in patients with noncirrhotic 
nonalcoholic fatty liver disease (NAFLD), this population is 
not currently included in surveillance guideline recommen-
dations. A large cohort study of patients with NAFLD from 
the Veterans Affairs health system suggests that although 
20% of patients with NAFLD do not have cirrhosis at the 
time of HCC diagnosis, the annual incidence rate is too 
low for surveillance to be cost-effective.(3) The most recent 
AASLD guidelines incorporated key changes to HCC sur-
veillance and diagnostic algorithms, including inclusion of 
alpha-fetoprotein (AFP) for surveillance and assimilation of 

Liver Imaging Reporting and Data System (LI-RADS) criteria 
for HCC diagnosis.(2) Herein, we review these updated rec-
ommendations for surveillance and diagnosis.

HCC sUrveillanCe

Ultrasonography, the best studied imaging modality 
for HCC surveillance, has long been recommended given 
several advantages, including being readily available, well 
tolerated, and noninvasive. A meta-analysis of surveillance 
cohort studies demonstrated ultrasound has an acceptable 
sensitivity of 84% (95% confidence interval [CI]: 76%-
92%) for detecting any-stage HCC; however, its sensitivity 
for early-stage HCC detection is significantly lower, at only 
47% (95% CI: 33%-61%).(4) Further, its effectiveness can 
be affected by factors such as operator expertise, severity 
of liver disease, and patient body habitus, leading to wide 
variation in its sensitivity between centers and patients.(5) 

Abbreviations: AASLD, American Association for the Study of Liver Diseases; AFP, alpha-fetoprotein; CI, confidence interval; 

CT, computed tomography; DCP, des-γ-carboxyprothrombin; HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting 

and Data System; MRI, magnetic resonance imaging; NAFLD, nonalcoholic fatty liver disease; OPTN, Organ Procurement and 

Transplantation Network; RR, relative risk.
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Although contrast-enhanced computed tomography (CT) 
and magnetic resonance imaging (MRI) can increase sen-
sitivity for early HCC detection compared with ultrasound, 
their routine use is limited by physical harms (e.g., radiation 
and contrast exposure) and high costs.(4,6) Studies evalu-
ating alternative, cheaper MRI-based surveillance strate-
gies, including abbreviated and noncontrast protocols, are 
ongoing.(7) However, until safer and more cost-effective 

options are available, ultrasound remains the preferred im-
aging modality for HCC surveillance.

Serum tumor markers are another attractive option to 
improve sensitivity for early tumor detection. Although 
AFP, the best studied serological test, has insufficient sen-
sitivity and specificity for early tumor detection if used 
alone, it appears to be of significant benefit when used 
in combination with ultrasound. The meta-analysis of co-
hort studies comparing ultrasound with or without AFP 
reported the pooled sensitivity of ultrasound alone for ear-
ly-stage HCC is significantly lower than when using ultra-
sound with AFP (45% versus 63%; relative risk [RR] 0.81, 
95% CI: 0.71-0.93).(4) (Fig. 1) Although ultrasound alone 
has higher specificity than ultrasound with AFP (92% 
versus 84%; RR 1.08, 95% CI: 1.05-1.09),(4) the clinical 
significance of this difference is unclear. A single-center 
study characterizing surveillance-related harms reported a 
higher proportion of patients experienced ultrasound-re-
lated physical harms than AFP-related harms (22.8% versus 
11.4%; P < 0.001), likely because of providers monitoring 
low-level false-positive AFP levels instead of performing 
diagnostic evaluation in all cases.(6) Additional strategies 
such as AFP-adjusted algorithms, tailoring cutoffs to liver 
disease causative factors, and using longitudinal measure-
ments have been shown to improve AFP accuracy and 
further mitigate AFP-related surveillance harms.(8-10) The 
benefit of AFP for HCC surveillance may also increase over 

TaBle 1. aT-risK GrOUPs FOr WHOM HCC 
sUrveillanCe is reCOMMenDeD

Patients with cirrhosis:

• Hepatitis C cirrhosis

• Hepatitis B cirrhosis

• Alcohol-related cirrhosis

• Nonalcoholic steatohepatitis–related cirrhosis

• Stage 4 primary biliary cholangitis with cirrhosis

• Genetic hemochromatosis with cirrhosis

• alpha-1-antitrypsin deficiency with cirrhosis

• Cirrhosis of other causative factors

Patients with hepatitis B infection but without cirrhosis:

• Asian male hepatitis B carriers ≥40 years old

• Asian female hepatitis B carriers ≥50 years old

• Hepatitis B carriers with family history of HCC

• African/North American black individuals with hepatitis B who are ≥20 
years old

FIG 1 Ultrasound alone has lower sensitivity compared with ultrasound with AFP for early HCC detection.(3)
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time as HCC epidemiology shifts from viral-related to al-
cohol and nonalcohol steatohepatitis, with resultant im-
provement in AFP specificity.

Several additional biomarkers are undergoing evalua-
tion, including AFP-L3, des-γ-carboxyprothrombin (DCP), 
osteopontin, glycosylated proteins, and circulating tumor 
cells.(11) Given heterogeneity within and between HCC le-
sions, it is possible, if not likely, that a single biomarker 
will not be sufficient and a panel incorporating multiple 
biomarkers will be needed. One such panel is the GALAD 
score, which includes gender, age, and three biomarkers 
(AFP, AFP-L3, and DCP).(12) This panel has been evalu-
ated in multicenter case-control studies with a sensitivity 
for early-stage HCC ranging from 60% to 80% and ac-
ceptable specificity of approximately 90%.(12,13) Several of 
these novel biomarkers have promising results in phase 2 
(case-control) biomarker studies but still require validation 
in phase 3 (cohort) biomarker studies.(11) There are ongoing 
multicenter efforts, such as the National Cancer Institute–
funded Hepatocellular carcinoma Early Detection Study, to 
validate these biomarkers. While awaiting these data, the 
combination of ultrasound and AFP appears to be the op-
timal strategy to maximize HCC surveillance value.

HCC reCall anD DiaGnOsis

Patients with a lesion ≥1 cm on ultrasound or AFP 
>20 ng/mL on surveillance imaging should undergo di-
agnostic evaluation with a multiphasic CT or MRI.(14) The 
AASLD guidelines endorse the use of LI-RADS, a compre-
hensive system that aims to standardize the interpretation 
and reporting for diagnostic imaging. LI-RADS categorizes 
liver nodules based on likelihood of HCC ranging from def-
initely benign (LR-1) to intermediate probability (LR-3) to 

definite HCC (LR-5).(15) The likelihood of HCC is determined 
by a combination of major and minor criteria, including ar-
terial enhancement, delayed washout, enhancing capsule, 
and threshold growth (Fig. 2).

In patients with cirrhosis, a diagnosis of HCC can be 
made radiographically, without histological confirmation, 
if typical imaging characteristics are present.(2) Therefore, 
patients with LR-5 lesions can undergo HCC treatment 
without a need for histological confirmation. Of note, 
lesions with a characteristic appearance but occurring in 
low-risk patients such as those without cirrhosis cannot be 
classified as LR-5 and would still require biopsy for diagno-
sis. Indeterminate lesions, that is, LR-3 or LR-4 lesions, can 
pose a diagnostic challenge because some are atypical-ap-
pearing HCCs and others are benign lesions. Prior AASLD 
guidelines recommended biopsy of all indeterminate le-
sions(14); however, the most recent guidelines discourage 
routine biopsy of indeterminate nodules given biopsy-re-
lated harms, its low sensitivity in smaller lesions, and the 
low likelihood of malignancy in some indeterminate nod-
ules.(2,16) The most recent guidelines now recommend a 
choice of biopsy, close interval repeat imaging, or using 
an alternative diagnostic modality (CT versus MRI) based 
on the pretest probability of HCC and patient preference.

Biomarkers currently have no role in the diagnostic al-
gorithm for HCC. Although AFP was previously included 
in the diagnostic algorithm, it is no longer recommended 
given insufficient sensitivity and specificity.

COnClUsiOn

Updated AASLD guidelines have notable changes, in-
cluding the reinstatement of AFP for HCC surveillance and 

FIG 2 LI-RADS (version 2017) classification of liver nodules.(14)
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the incorporation of LI-RADS for diagnosis. Recent studies 
have demonstrated that using ultrasound with AFP has 
superior sensitivity for early tumor detection than ultra-
sound alone. While awaiting further evaluation of novel 
imaging and biomarkers, ultrasound and AFP should be 
considered as the standard surveillance strategy in pa-
tients with cirrhosis. Patients with positive surveillance 
tests should be referred for diagnostic evaluation with 
four-phase CT or MRI. LI-RADS offers a standard nomen-
clature for classifying liver lesions, including definite HCC, 
in at-risk patients.

COrresPOnDenCe

Amit G. Singal, M.D., M.S., Associate Professor of Medicine, Division 
of Digestive and Liver Diseases, University of Texas Southwestern 
Medical Center, 5959 Harry Hines Boulevard, POB 1, Suite 420, 
Dallas, TX 75390-8887. E-mail: amit.singal@utsouthwestern.edu

reFerenCes

 1) Singal AG, Pillai A, Tiro J. Early detection, curative treatment, and 
survival rates for hepatocellular carcinoma surveillance in patients 
with cirrhosis: A meta-analysis. PLoS Med 2014;11:e1001624.

 2) Heimbach JK, Kulik LM, Finn RS, et al. AASLD guidelines for the treat-
ment of hepatocellular carcinoma. Hepatology 2018;67:358-380.

 3) Kanwal F, Kramer JR, Mapakshi S, et al. Risk of hepatocellular cancer 
in patients with non-alcoholic fatty liver disease. Gastroenterology; 
https://doi.org/10.1053/j.gastro.2018.08.024

 4) Tzartzeva K, Obi J, Rich NE, et al. Surveillance imaging and alpha fe-
toprotein for early detection of hepatocellular carcinoma in patients 
with cirrhosis: A meta-analysis. Gastroenterology 2018;154:1706-
1718.e1.

 5) Simmons O, Fetzer DT, Yokoo T, et al. Predictors of adequate ultra-
sound quality for hepatocellular carcinoma surveillance in patients 
with cirrhosis. Aliment Pharmacol Ther 2017;45:169-177.

 6) Atiq O, Tiro J, Yopp AC, et al. An assessment of benefits and harms 
of hepatocellular carcinoma surveillance in patients with cirrhosis. 
Hepatology 2017;65:1196-1205.

 7) Kim HA, Kim KA, Choi JI, et al. Comparison of biannual ultraso-
nography and annual non-contrast liver magnetic resonance im-
aging as surveillance tools for hepatocellular carcinoma in patients 
with liver cirrhosis (MAGNUS-HCC): A study protocol. BMC Cancer 
2017;17:877.

 8) El-Serag HB, Kanwal F, Davila JA, et al. A new laboratory-based 
algorithm to predict development of hepatocellular carcinoma 
in patients with hepatitis C and cirrhosis. Gastroenterology 
2014;146:1249-1255.e1241.

 9) Lee E, Edward S, Singal AG, et al. Improving screening for 
hepatocellular carcinoma by incorporating data on levels 
of alpha-fetoprotein, over time. Clin Gastroenterol Hepatol 
2013;11:437-440.

 10) Gopal P, Yopp AC, Waljee AK, et al. Factors that affect accu-
racy of alpha-fetoprotein test in detection of hepatocellular car-
cinoma in patients with cirrhosis. Clin Gastroenterol Hepatol 
2014;12:870-877.

 11) Rich N, Singal AG. Hepatocellular carcinoma tumour markers: 
current role and expectations. Best Pract Res Clin Gastroenterol 
2014;28:843-853.

 12) Berhane S, Toyoda H, Tada T, et al. Role of the GALAD and 
BALAD-2 serologic models in diagnosis of hepatocellular carcinoma 
and prediction of survival in patients. Clin Gastroenterol Hepatol 
2016;14:875-886.e876.

 13) Johnson P, Pirrie SJ, Cox TF, et al. The detection of hepatocellular 
carcinoma using a prospectively developed and validated model 
based on serological biomarkers. Cancer Epidemiol Biomarkers 
Prev 2014;23:144-153.

 14) Bruix J, Sherman M, American Association for the Study of Liver 
Diseases. Management of hepatocellular carcinoma: An update. 
Hepatology 2011;53:1020-1022.

 15) American College of Radiology. Liver Imaging Reporting and Data 
System, Version 2017. https://www.acr.org/Clinical-Resources/
Reporting-and-Data-Systems/LI-RADS

 16) Khalili K, Kim TK, Jang HJ, et al. Indeterminate 1-2-cm nodules 
found on hepatocellular carcinoma surveillance: biopsy for all, 
some, or none? Hepatology 2011;54:2048-2054.

mailto:amit.singal@utsouthwestern.edu
https://doi.org/10.1053/j.gastro.2018.08.024
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS

